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Object. Spontaneous intracerebral hemorrhage is an uncommon but recognized initial presenting sign of both primary and metastatic brain tumors. The rate of tumor-related intracranial hemorrhage is variably reported from Ͻ 1 to 14.6%. Hemorrhage in primary gliomas occurs in 3.7-7.2% of gliomas, mainly in glioblastoma muliforme and oligodendroglioma with low-grade astrocytomas accounting for Ͻ 1%. Hemorrhage associated with pilocytic astrocytomas (PAs) is only sporadically reported. The authors report on a series of patients in whom PAs presenting as hemorrhages prompted them to examine the incidence of bleeding in these tumors.
Methods. Cases involving a confirmed tissue diagnosis of PA from 1994-2005 were reviewed retrospectively. The authors included only patients with evidence of hemorrhage on computed tomography and/or magnetic resonance imaging seen prior to biopsy or resection and in the absence of trauma or other vascular pathological entities.
Results. In 138 patients with histologically proven PAs, the mean age at diagnosis was 23 years. In 11 patients (8%; 5 male and 6 female) there was evidence of hemorrhage at presentation. There were no locations more susceptible to hemorrhage than any other, although no bleeding occurred within the cerebellum. All but 1 patient was treated with a gross-total resection.
Conclusions. Hemorrhage in association with PAs likely results from the frequently observed abnormal vasculature in these tumors, occurs with a greater frequency than previously thought, and should be considered in the differential diagnosis of spontaneous intracerebral hemorrhage. 
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T A gross-total resection was performed in all but one case; in this case, the hypothalamic tumor was not excised but a tissue diagnosis was established by endoscopic biopsy (Table 2) . For most patients, there were new symptoms associated with their hemorrhage, primarily headache. In 2 patients with a history of seizures, surveillance imaging revealed evidence for a new hemorrhage that was otherwise asymptomatic. In both cases, the tumor and associated hemorrhage were lobar in location ( Table 2 , Cases 3 and 9).
Pathological Findings
The histological diagnosis of PA was based on the frequent presence of typical biphasic architecture, with alternating compact areas punctuated by Rosenthal fibers and loose microcystic areas with eosinophilic granular bodies. Variants of PA, such as pilomyxoid astrocytoma, and/or cases with concomitant disease were excluded from the analysis.
Microscopic foci of recent hemorrhage varied in extent from recent and punctate to macroscopic. In many cases, there was evidence of previous hemorrhage. Many of the hemorrhages occurred in association with various vascular changes, sometimes coexisting in adjacent fields. These included thick-walled densely hyalinized vessels (Fig. 3A) , foci of vascular endothelial hyperplasia ("glomeruloid" structures; Fig. 3B ), and thin-walled ectatic vessels (Fig.  3C) . Interestingly, in 3 (27%) of the 11 cases calcospherites were prominent (Fig. 3D) .
Discussion
The rate of intracranial hemorrhage from brain tumors is reported at 0.6-14.6%, whereas the rate of bleeding from gliomas is 3.7-7.2%. 2, 7, 12, 16 A majority of reported cases involves high-grade astrocytomas and oligodendrogliomas with low-grade astrocytomas accounting for Ͻ 1% of hemorrhagic brain tumors.
Hemorrhage associated with PAs is presumably a rare finding, as evidenced in the sporadic cases reported in the literature.
1-5,9-11,13-15 The results of our study indicate that hemorrhage, although unusual, may occur with a greater frequency than once thought. Our data indicate that 8% of patients harboring these neoplasms may present with an intratumoral hemorrhage. To our knowledge, these findings mark the first systematic review of PAs with an emphasis on hemorrhage.
Aside from case reports of hemorrhage at locations typical for pilocytic involvement, the only reported incidence of bleeding in PAs is from a study in which the authors provided a very small sample with a reported rate of 20%. 7 Lieu and colleagues 7 reviewed 761 cases of pathologically proven brain tumors in which the incidence of hemorrhage was 3.5%. Of the 5 PAs in their review, 1 was noted to have bled. The sample size of their cohort precludes meaningful interpretation of their findings.
The authors of large studies who have addressed the rate of hemorrhage into brain tumors have not directly reviewed the subset of PAs. In his report on Cushing's series of 832 gliomas based on gross findings at autopsy or surgery, Oldberg 12 found hemorrhage in 5 astrocytomas, classified as astroblastoma, fibrillary, or protoplasmic. In another large series of 905 brain tumors, "macroscopic" hemorrhage was noted in 7 (10.9%) of the 64 cases of low-grade astrocytoma, although it is unclear from that report how many lesions in that group were of the pilocytic variety. 6 The mechanism of hemorrhage in high-grade lesions is likely related to necrosis of blood vessels as well as abundant neovascular proliferations. The pathogenesis of hemorrhage in low-grade neoplasms is less well understood and has been a subject of debate. Endothelial proliferation, rupture of an encased aneurysm, and dysplastic capillary beds have been factors hypothesized as potential causes for bleeding. 1, 8 Based on this series, the rate of hemorrhage in PAs is not as rare as once thought. It is recognized that the basis for hemorrhage was dictated by imaging findings and not histological evidence, but the latter would only stand to capture additional cases of bleeding at a microscopic level.
Conclusions
Pilocytic astrocytomas may present with imaging evidence of hemorrhage in 8% of patients, a rate higher than expected based on the documented cases in the literature. A majority of those patients will experience new symptoms at the time of the hemorrhage. The cause of hemorrhage is unclear but may be related to the abnormal vasculature within the tumor. The presence of microcalcifications in ~ 25% of these cases suggests that local metabolic factors may play a role in the tendency to hemorrhage.
